Introduction: In patients with acute myocardial infarction (AMI) early risk assessment of development of complications is of great importance. It is proven that aldosterone level has a major role in progression of cardiovascular pathology. Aim: Determination of influence of aldosterone plasma level in the progression of heart disease in patients without signs of heart failure after AMI. Material and Methods: Research included 207 patients, hospitalized in the acute phase of myocardial infarction, and who were divided into two groups: 127 patients with no clinical signs of heart failure and 60 patients with heart failure. Results: The serum aldosterone concentration was 73.4% higher in the group of decompensated patients, 128 pg/mL (75.4-236 pg/mL) in decompensated and 73.7 pg/mL (42.7 -115.25 pg/mL) in compensated.
INTRODUCTION
Immediately after the onset of acute myocardial infarction (AMI), and in response to infarction-induced hemodynamic changes, there is an increase in neurohumoral activity, including the activation of the renin-angiotensin-aldosterone (RAAS) system, the sympathetic nervous system and the growth of natriuretic peptide production (1, 2) . Neurohumoral activation in post-infarction period shows crucial role of aldosterone in the genesis of myocardial and vascular tissue damage (3) . Aldosterone has number of proven adverse effects on the cardiovascular system, where the mechanisms by which some of these effects are achieved are still incompletely explained. It has been considered that aldosterone increases sympathetic activity by decreasing the intake of noradrenaline in the heart muscle, decreases parasympathetic activity and also induces an inflammatory response (4) (5) (6) (7) (8) . It is associated with left ventricular hypertrophy, myocardial and renal fibrosis, leads to failure of baroreceptor, to direct damage to the blood vessels, induces endothelial dysfunction, weakens the elasticity of the arteries and increases vascular tone (4) (5) (6) (7) (8) . More recent studies emphasize the harmful effects of aldosterone on endothelial function through mechanisms that involve the formation of oxidative stress. Aldosterone induces an increase in oxidative stress in the smooth muscle cells of the blood vessels, which can play a role in endothelial dysfunction through mechanisms involving the reduction of the bioavailability of nitric oxide (9) (10) (11) . Several studies have shown increased production of aldosterone in a pathologically changed heart (8) . Patients with primary aldosteronism have an increased risk of cardiovascular events, including coronary artery disease, myocardial infarction, heart failure, stroke and atrial fibrillation (12) (13) (14) . Hyperaldosteronism is associated with dys-ORIGINAL PAPER function of pancreatic beta cells, reduced sensitivity of skeletal muscle insulin cells and increased inflammatory adipokine synthesis. In this way, systemic subclinical inflammation, glucose intolerance, and accelerated atherogenesis are induced (15) . Recent data suggest that the cardiovascular system and smooth muscle blood vessels have the ability to respond directly to exogenous aldosterone, at the same time they can produce aldosterone locally in response to angiotensin II (7, 8) . De Rita and associates studied the effect of aldosterone in plasma on the progression of carotid plaque surface by multiple linear regression, with variables that were previously shown to maximally explain variations in the total plaque surface (age, sex, total cholesterol, systolic blood pressure and its therapy, diabetes, smoking, and statins) (16, 17) . Aldosterone-induced endothelial dysfunction in the early morning period could potentially contribute to the cardiovascular events that occur more frequently at this time of day. It has been shown that morning peak levels of aldosterone have a major acute effect on the autonomic nervous system (4).
AIM
Aim of article was to determinate the influence of aldosterone plasma level in the progression of heart failure in patients with AMI.
PATIENTS AND METHODS
Research included 207 patients (157 male and 50 female) hospitalized in the acute phase of myocardial infarction on the Intensive Care Unit, Clinic for Heart, Blood Vessel and Rheumatic Diseases, Clinical Center University of Sarajevo (CCUS), Sarajevo (ethical approval obtained from Ethical Committee, CCUS). Patients were divided into two groups: 127 patients with no clinical signs of heart abnormalities (without clinical signs of cardiac decompensation) and 60 patients with heart failure (with cardiac decompensation). When admitted to the clinic, for each patient, anamnestic data, an objective physical examination, an ECG (electrocardiogram), and blood samples for laboratory analysis were taken. Based on anamnestic data, ECG findings and, where appropriate, troponin findings, a diagnosis of myocardial infarction was established. Based on the physical examination, the level of BNP and X-ray imaging, the diagnosis of cardiac decompensation was established. Blood samples for the analysis of aldosterone levels were taken 24 hours after admission to the clinic with basic laboratory findings routinely taken in acute myocardial infarction. Blood samples were taken before a meal, before the ACE inhibitor or aldosterone antagonist was included in the therapy. The level of aldosterone in the blood was determined at the Institute of Nuclear Medicine of CCUS, through radioimmunoassay (RIA) method on the Wizard 1470 apparatus. The reference values of aldosterone are 8.00-172 pg/mL at rest, or 30.0-355 pg/mL after physical activity. Reference values at rest were used, considering that all of the patients were hospitalized due to an acute infarction and that the samples were taken in a hospital bed.
Patients underwent stress test (ergometer) during follow-up. The test was considered to be positive if the ECG recording recorded ST depression more than 1 mm (0.1 mV) for a minimum duration of 0.08 s in at least three consecutive leads.
Patients were monitored for one year after being discharged from the hospital through regular ambulatory check-ups. The first examination was done a month after hospitalization, and then the examinations were done every 3-4 months, with the registration of occurrence of subjective and objective signs of heart failure.
For the statistical analysis of the obtained data, the SPSS software package for Windows (version 19.0, SPSS Inc., Chicago, Illinois, USA) was used. Since the distribution of continuous variables was asymmetrical, we used the median and interquartile range to represent the mean and the scattering measure, and for their comparison nonparametric tests (Mann-Whitney U test, Kruskal-Wallis test). For the connection and the direction of the relationship between the variables, we used correlation tests, depending on the type of variable (Spearman, Pearson). By univariate logistic regression, we examined the effect of aldosterone on the prediction of variables with two outcomes. ROC curve was used to test whether aldosterone may be the marker of cardiac decompensation.
RESULTS
Out of total number, 157 (75,8%) patients were males. The serum aldosterone concentration was 73.4% higher in the group of decompensated patients, 128 pg/mL (75.4-236 pg/mL) in decompensated and 73.7 pg/mL (42.7-115.25 pg/mL) in compensated (Figure 1) . The difference in aldosterone values among the groups was statistically significant (p=0.0001, U=2632.0 ).
In the group of decompensated patients, changes in aldosterone levels did not show a statistically significant effect on the incidence of angina p=0.853, while in the compensated group they showed a statistically significant effect with p=0.0001. Regression analysis showed that elevation of aldosterone levels by 10 ng/dL in the group of compensated patients increases the chances of developing angina by 20.5% in our sample, or from 8.9% to 33% in the population of cardiac compensated pa- tients. In the group of decompensated patients, changes in aldosterone levels did not show a statistically significant effect on the occurrence of reinfarction (p=0.335), while in the compensated group they showed a statistically significant effect (p=0.009). Regression analysis showed that elevation of aldosterone levels by 10 ng/dL, in the group of cardiac-compensated patients, increases the chance of re-infarction by 5.4% in our sample, i.e. from 1.3% to 9.7% in the population of cardiac compensated patients. In the group of patients with stress test (49 patients, 23,7% of total number of patients), changes in aldosterone levels showed a statistically significant effect on the emergence of a positive finding (p=0.012). Regression analysis showed that elevation of aldosterone levels by 10 ng/dL increases the chances of developing a positive finding by 25.5% in our sample, i.e. from 5.1% to 49.8% in the population of such respondents.
DISCUSSION
Assessment of the complications following AMI is complex and in everyday clinical practice the weaknesses and shortcomings of the available methods and previous recommendations are recognized. There are ideas about the possible role of aldosterone as an indicator of persistent coronary insufficiency, so two recent studies have speculated on the importance of aldosterone in the pathophysiology of coronary disease. The OPERA study linked the elevated level of aldosterone not only with heart failure and total mortality, but also with the onset of myocardial reinfarction (2, 18) .
Until now no studies have been conducted that would connect the occurrence of post-infarct angina with the values of aldosterone. Catena et al. suggest that high aldosterone levels could induce myocardial (interaction between aldosterone and the cardiovascular system has been expanded beyond systolic heart failure, diastolic heart failure, arrhythmia, primary hypertension, and primary aldosteronism) (19) .
In our study, in the group of compensated patients, changes in aldosterone levels showed statistical significance for post-infarction angina pectoris. We did not find this connection in a group of decompensated patients. The obtained results confirm that elevated levels of aldosterone potentiate the growth of oxidative stress, vascular inflammation, smooth muscle cell proliferation, and endothelial dysfunction, which represent important links in the development and maintenance of atherosclerotic processes. It has already been noted that patients with primary aldosteronism have an increased risk of cardiovascular events, including coronary artery disease and AMI (17, 18) .
Ivanes et al. find association of aldosterone with the later occurrence of cardiac deaths and acute coronary events (20) . This is also one of the few studies in which the comparable level of aldosterone with progression of coronary disease and mortality in a patient who had no specific circumstances such as myocardial infarction and cardiac decompensation. The level of aldosterone was strongly and independently correlated with the occurrence of coronary incidence and cardiac death in a patient with stable coronary disease (18) .
Hillaert et al. showed a link between aldosterone levels in plasma with total atherosclerotic loading in these patients and the occurrence of myocardial infarction, cerebrovascular accident and cardiovascular mortality (18) .
In the group of compensated patients, changes in aldosterone values showed a statistically significant effect on the occurrence of reinfarction p=0.009, which is in line with the aforementioned OPERA study in which the elevated level of aldosterone was associated with the occurrence of myocardial reinfarction. The obtained result can be related to the previously contemplated stimulation of expression of MMP and PAI-1 by RAAS, leading to destabilization of atherosclerotic plaque and fibrinolytic balance changes (6) .
This finding is not found in the group of patients with cardiac decompensation, which suggests that in our study, in patients with acute myocardial infarction, the occurrence of reinfarction is also independent of the development of cardiac decompensation.
Stress test at least three weeks after AMI is a common strategy for monitoring patients with a AMI without complications and present method for detection of postinfarction latent coronary insufficiency.
Garnier et al. in its mouse model demonstrated the specific effect of aldosterone on coronary vascular functions as it has not been described by aldosterone provocation models, so these results also suggest that the coronary artery may be aldosterone's target. The results obtained are consistent with previous studies by De Rite and associates which suggest that aldosterone levels are associated with the progression of atherosclerotic processes (16) . On the other hand, the level of aldosterone in the blood did not show a positive correlation with the degree of tolerance of body load after infarction, i.e. no significant relationship was found between the levels of aldosterone and the duration of stress test. Tomaschitz et al. suggested that plasma aldosterone levels are associated with increased cardiovascular mortality (22) . Palmer al al. proved that plasma aldosterone levels after AMI are independent predictors of survival and hospitalization for heart failure during five year-follow-up period (23). Yuyun et al. suggested that is plasma aldosterone levels predicts major adverse cardiovascular events in patients with acute myocardial infarction (8) . Our research supports the results of these research and although the sample is quite small, it can be the basis for future research, where stratification of patients will be made in relation to the localization of infarction in order to follow the effects of aldosterone. The fact is that aldosterone should be established as part of routine laboratory tests, which would be used in the admission of patients with AMI.
CONCLUSION
In patients with AMI, elevated serum aldosterone level can be prognostic factor of the progression of coronary heart disease, development of heart failure, as well of development of post-infarction angina, myocardial reinfarction and pathological finding on the stress test.
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